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A new method for characterizing carotid plaque:
Multiple cross-sectional view echomorphology
S. M. Wijeyaratne, MS, FRCS, S. Jarvis, MSc, L. A. Stead, S. G. Kibria, MS, FRCS, J. A. Evans, PhD,
and M. J. Gough, ChM, FRCS, Leeds, England
Purpose: This study compares the ability of computer-derived B-mode ultrasound gray-scale measurements from a single
longitudinal view (SLV) versus multiple cross-sectional views (MCSV) to differentiate symptomatic from asymptomatic
carotid plaque causing more than 70% stenosis.
Method: Seventy-four internal carotid artery (ICA) stenoses (70%-99%; 33 asymptomatic, 41 symptomatic within 3
months) were imaged to obtain the “best” SLV and five to eight MCSV images at 5 mm intervals from the carotid
bifurcation. Digitized sonograms were computerized and normalized to the gray scale median (GSM) of blood (0) and
vessel adventitia (200). Plaque GSM was determined for each frame (image analysis, MATLAB 5.3). General risk factors
for stroke and plaque echogenicity (SLV GSM; minimum MCSV GSM; cross-sectional axial heterogeneity (highest minus
lowest MCSV GSM) were determined for each group.
Results: Risk factors for stroke were similar in both groups, as was mean SLV GSM: symptomatic, 34 (95% confidence
interval [CI], 24.8-43.0), asymptomatic, 43 (CI, 32.6-53.2); P .1. Minimum MCSV GSM was lower for symptomatic
plaque: 7 (CI, 4.2-9.8] vs 18.3 (CI, 12.2-24.5); P  .002. Greater axial GSM heterogeneity was present in symptomatic
plaque: 34.5 (CI, 27.2-41.9) vs 16 (CI, 11.0-20.8); P  .0001.
Conclusions: MCSV cross-sectional imaging that enables objective assessment of regional plaque echolucency and
heterogeneity is more sensitive than SLV sonography for differentiating symptomatic from asymptomatic plaque. (J Vasc
Surg 2003;37:778-84.)
Cerebrovascular accident (stroke) is the second most
common cause of death worldwide,1 and 25% of strokes are
caused by atheromatous carotid bifurcation plaques.2 Al-
though the degree of stenosis is an important risk factor for
life-threatening cerebral infarction,3,4 most high-grade ste-
noses remain quiescent.5,6,7 Thus identification of high-
risk plaques is of interest.
Plaque stability may be influenced by the presence of
“soft” hemorrhage and its lipid content.8-10 Since B-mode
ultrasound echomorphologic scanning enables assessment
of plaque composition,11,12 it might have potential use for
identification of unstable plaque in vivo.
Previous studies assessed plaque echomorphology in
terms of overall echogenicity or echolucency13 and heter-
ogeneity or homogeneity14 and correlated these findings
with onset of neurologic symptoms. Although both heter-
ogeneity and echolucency are greater in more severe steno-
sis,15,16 most studies included plaque causing a wide range
of stenosis severity without considering the influence of this
factor when correlating echographic characteristics and
symptomatic status.17-31 Further, studies that investigated
whether plaque echomorphology influenced stroke risk
independent of degree of stenosis reported conflicting re-
sults15,16,32-35 and relied on subjective assessment with
only moderate reproducibility.36,37 More objective and
reproducible methods for computerized assessment of
plaque echomorphology have been described.25 Most
studies using these techniques also failed to limit the com-
parison to plaque causing similar degrees of stenosis or to
make adjustments for differences in degree of stenosis
between study groups.24-31 Furthermore, plaque echomor-
phology was assessed from a single longitudinal view
(SLV). This highly selective image may not reflect whole-
plaque echomorphology, given the variable location of
different plaque components and the circumferential, ec-
centric deposition of atherosclerotic material in arteries. In
view of these limitations, we examined multiple cross-
sectional views (MCSV) in an attempt to define plaque
composition in more detail and to distinguish symptomatic
from asymptomatic plaque causing more than 70% stenosis.
METHODS
Seventy-four carotid bifurcation plaques (70%-99% ste-
nosis) from 61 patients undergoing carotid endarterectomy
were studied (33 asymptomatic; 41 with ipsilateral symp-
toms within 3 months, including amaurosis fugax in 14,
transient ischemic attack [TIA] in 15, and stroke in 12).
Informed consent was obtained, and the study was ap-
proved by the Ethics Committee of the Leeds Teaching
Hospitals NHS Trust. Six (3 symptomatic, 3 asymptom-
atic) plaques were excluded from the study because acous-
tic shadowing resulted in inadequate B-mode information.
A detailed neurologic history and examination was
recorded, and symptoms were classified as amaurosis fugax
(sudden onset of partial or complete uniocular visual loss
lasting less than 1 hour), TIA (sudden focal neurologic
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abnormality lasting less than 24 hours with no other appar-
ent cause), or stroke (defined similarly to TIA but with
symptoms lasting more than 24 hours).38 Cerebral hemor-
rhage and lacuna infarction were excluded with computer-
ized tomography in patients with stroke. Patients with
asymptomatic stenosis were not imaged to detect silent
infarcts. Standard risk factors and medication were re-
corded. Patients with possible cardioembolic events were
excluded from the study.
Degree of stenosis was determined from internal ca-
rotid artery (ICA) peak systolic velocity (PSV-ICA 180
cm/s) and end-diastolic velocity (EDV-ICA 80 cm/s)
and from the ratio of peak systolic velocity in the ICA and
common carotid artery (CCA) (PSV-ICA/CCA 4).39
Specificity of 91% and a significant correlation (r 0.8, P
.001) between findings on duplex ultrasound scans and
intact endarterectomy specimen stenosis measurements
validated these criteria for detecting more than 70% steno-
sis.40
Carotid duplex scanner settings. Ultrasound scans
were obtained by an ultrasonographer aware of patient
clinical details, with a duplex scanner (Acuson 128 XP10,
Siemens AG, Munich, Germany) with a 5 to 7 MHz
multifrequency linear array probe. B-mode settings were
adjusted so that the maximum dynamic range (55 dB) and
a linear postprocessing curve (required for normalization of
B-mode images) were used. With use of the full dynamic
range, the maximum number of gray levels was available.
These settings were saved in the scanner memory to ensure
uniformity throughout the study.
The time-gain compensation curve was adjusted so that
the gray scale levels were constant at differing depths. Thus
the near and far wall adventitia had similar brightness. Since
blood causes minimal interference to ultrasound transmis-
sion, this adjustment required the time gain compensation
curve to be vertical between the near and far vessel walls.
The overall gain for the screen was set so that gray levels
from blood (lumen) were just detectable. These settings
provided two reference points for normalization of B-mode
images, blood (black), and adventitia (white).
Image acquisition. Patients were examined supine
with the neck-rotated 45 degrees to the opposite side. The
transducer angle was adjusted to obtain the most informa-
tive SLV, including a clearly visualized section of adventitia,
in terms of echoic characteristics and maximum thickness.
This was “frozen” and digitized.
After location of the carotid bifurcation with an axial
sweep of the neck, MCSV of the ICA were obtained at 5
mm intervals, from the bifurcation to the proximal and
distal limit of the plaque (transducer at 90 degrees to the
long axis of the lumen). Five to eight cross-sectional views
per plaque, depending on the length of the plaque, were
available for analysis.
Each color image was frozen, and the “color off”
facility of the duplex scanner was used to remove color and
obtain an identical gray image of each view. This facilitated
delineation of the stenosis, especially in hypoechoic plaque
or heterogeneous plaque with the hypoechoic component
adjacent to the lumen. These images were digitized in
bitmap format with a commercially available videograbber
(Matrox Marvel G400 AGP, Matrox, Dorval, Canada) with
the settings (source, display, effect, color, capturing reso-
lution [736  560 pixels]) fixed throughout the study.
Normalization and measurement of echogenicity in
digital sonographic images of carotid plaque. Sono-
graphic gain-induced variability of echogenicity was elimi-
nated with the method described by El-Atrozy et al,27 in
which the entire image is changed by a process of linear
scaling to two reference points (blood and adventitia) with
computer software (MATLAB 5.3, Mathworks Inc, Natick,
Mass). The gray scale median (GSM) of blood was set to 0,
and the GSM of adventitia was set to 200 (gray scale range,
0 to 255; black  0, white  255). Examples of these
images are shown in Figs 1 and 2. Median GSM (not mean,
because of skewed distribution) of the normalized plaque
image was determined by a blinded observer. Intraobserver
and interobserver reproducibility were also assessed.
For MCSV analysis the median GSM was calculated for
all images obtained from the plaque. Minimal GSM
(MCSV GSMmin), reflecting echolucency, used in the sta-
tistical analysis was derived from the single image with the
lowest GSM. Similarly, maximal GSM (MCSV GSMmax)
was that of the image with the highest GSM, and the
difference between them (MCSV GSM(max  min)) was
calculated to assess gray scale heterogeneity. These and
SLV GSM results were compared in the study groups
(asymptomatic vs symptomatic).
Statistical analysis. The one-sample Kolmogorov
test was performed to assess the normality of distribution of
continuous numerical variables at the 1% level, thus deter-
mining use of the parametric t test or nonparametric Mann-
Whitney U test. The 2 test and Fisher exact test were used
to determine differences in proportions.41 P  .05 was
considered significant. The method recommended by
Bland41 was used to assess reproducibility of image normal-
ization and GSM assessment. Calculations were performed
with the Astute Statistical Add-in Module for Excel Version
4.3 (Microsoft, Redmond, Wash).
RESULTS
There were no differences between demographic and
other risk factors for stroke in the study groups (Table I).
There was a greater proportion of more than 50% contralat-
eral stenoses and occlusions in patients without symptoms
(P .01) (Table II), reflecting selection criteria for surgery
in this group.
Normal Gaussian distribution for SLV and MCSV
GSM was confirmed, and the parametric t test was used for
comparative analysis. Mean GSM with 95% confidence
intervals (CI) for symptomatic and asymptomatic plaque
are shown in Table III and Fig 3. SLV GSM was similar in
both groups (P  .1), but MCSV GSMmin was lower in
symptomatic plaque (P  .002). Further, cross-sectional
GSM heterogeneity (MCSV GSM(maxmin)) was greater in
symptomatic plaque (P  .0001).
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Reproducibility. Mean bias between two indepen-
dent determinations of GSM was 0.538 (95%CI, 1.2 to
2.3), and mean bias for repeat measurements by the same
observer was 0.469 (95% CI, 0.93 to 1.8).
DISCUSSION
Although this study fails to confirm a significantly lower
SLV GSM in symptomatic versus asymptomatic carotid
plaque causing a similar degree of high-grade stenosis
(70%), MCSV assessment was successful in differentiating
between the two groups. In symptomatic plaque the
MCSV GSMmin, reflecting echolucency, was significantly
lower and heterogeneity (MCSV GSMmax  min) was
greater. Thus MCSV assessment highlights the characteris-
tic regional vulnerability and morphologic heterogeneity of
symptomatic plaque, which was not apparent on SLV im-
ages.
The method used in this study avoids subjective, qual-
itative assessment of plaque echomorphology by using
computer-assisted measurements with image normaliza-
tion and digital image processing to determine plaque
echogenicity. Intraobserver and interobserver variability in
measuring plaque GSM was satisfactory.
The significant echo-heterogeneity in symptomatic
plaque observed concurs with a number of other stud-
ies.14,15,21,33 The novel feature of this study is that hetero-
geneity was assessed from MCSV with computer-derived
GSM rather than the subjective assessment of SLV GSM.
Furthermore, reports from another center that used a com-
puter-assisted technique to measure SLV GSM suggest
homogeneity, not heterogeneity, is a feature of high-risk
plaque.28-30 However, initial selection of the SLV for anal-
ysis is subjective and reliant on identification of echoically
uniform hyperechoic and hypoechoic regions, each occu-
pying either 10%28,29 or 25%30 of the SLV. Plaque was
arbitrarily classified as heterogeneous if the difference in
GSM between regions was greater than the GSM of the
entire SLV image.30 These factors may explain the differ-
ences between these studies and the results for MCSV
assessment. Although we did not assess heterogeneity on
SLV because of these limitations, it is conceivable that SLV
images could be analyzed by dividing them into a number
of segments of equal length and determining the minimal
and maximal GSM for each. This concept has not been
explored.
The similarity in SLV GSM in symptomatic and asymp-
tomatic groups agrees with reports by Holdsworth et al15
and Cave et al,16 who studied a wide range of stenoses and
concluded that SLV-derived echogenicity did not add to
the sensitivity of degree of stenosis in predicting symptom-
atic status. Similarly, although a prospective population-
based study35 showed an association between echolucent
plaque and risk for ischemic cerebrovascular events in pa-
tients with carotid stenosis, the authors highlighted the fact
that many of the clinically apparent ischemic events oc-
curred in a vascular territory remote from that supplied by
the artery designated as having an echolucent plaque. Fur-
ther, since the number of events in each echogenicity group
was small, the study did not have enough power to assess
the independent effect (from degree of stenosis) of plaque
echomorphology on ipsilateral events. Thus there remains
Fig 1. A, Single longitudinal view of carotid plaque with color flow. B, Gray scale normalized black-and-white view.
C, Plaque area outlined. D, Single longitudinal view of plaque area selected for analysis shows gray scale histogram and
results.
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uncertainty about a direct relationship between plaque
structure assessed with a SLV and stroke risk.
Although our results contradict those from a number of
other cross-sectional and prospective studies that showed a
significant association between SLV plaque echolucency
and cerebrovascular symptoms,17-31 most have examined
plaque causing a wide range of stenosis without correcting
for the differences in degree of stenosis between symptom-
atic and asymptomatic groups, either by using matched
groups or regression analysis.
A further explanation for this discrepancy may be the
differing proportions of various neurologic symptoms in
the study groups. Rather surprising, amaurosis fugax has
been linked to maximally echolucent plaque, the difference
being significant when compared with plaque causing TIA
or stroke.31 The smaller proportion of patients with amau-
rosis fugax in our study (35%) compared with that in the
study by Geroulakos et al32 (53%) might have contributed
to the higher SLV GSM in our symptomatic group and the
small nonsignificant difference between groups. Neverthe-
Fig 2. A, Cross-sectional view of internal carotid artery (ICA) plaque with color flow in lumen. B, Gray scale
normalized black-and-white cross-sectional view. C, Adventitial outline of ICA. D, Lumen outline of ICA. E, Zoomed
cross-sectional view of plaque area selected for analysis. F, Gray scale histogram and results.





P*n % n %
Age (y) (mean; 95% CI) 69 66.1-71.8 69.7 66.5-72.8 .7
Male 29 70.7 20 60.6 .2
Hypertension 26 63.4 24 72.7 .2
Diabetes mellitus 6 14.6 7 21.2 .2
Hyperlipidemia 31 75.6 27 81.8 .3
Current smoking 18 43.9 11 33.3 .2
Low-dose aspirin therapy 41 100 33 100 1.0
Anticoagulation 2 2.5 — .2
*Fisher exact test used to define differences between groups.
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less, mean SLV GSM in patients with symptoms in this
study is similar to that observed by Pedro et al26 and mirrors
the findings from studies that recruited large numbers of
subjects from the general population.15,35
A potential criticism of this study might be that patients
included in the asymptomatic group should have under-
gone cerebral CT to exclude silent infarction. However the
Asymptomatic Carotid Atherosclerosis Surgery trial42
showed no correlation between presence of an asymptom-
atic high-grade stenosis and ipsilateral CT scan abnormali-
ties.
Several studies have suggested that the composition
(collagen, lipid, hemorrhage) of plaques causing similar
degrees of stenosis is unrelated to their symptomatic sta-
Fig 3. Mean gray-scale median ( 95% CI) for single longitudinal view (SLV), minimum multiple cross-sectional view
(MCSVmin), and maximum-minimum multiple cross-sectional views (MCSVmax) in symptomatic and asymptomatic
carotid plaque.






P*n % n %
Percent stenosis
70-80 14 35 09 27 .1
80-90 19 45 13 40 .1
90-99 08 20 11 33 .1
Contralateral ICA
Occlusion 04 10 06 18 .1
50% stenosis and occlusion 23 55 27 81 .01
*Fisher exact test used to define differences between groups.
Table III. Gray scale median in asymptomatic and symptomatic plaques
SLV GSM MCSV GSMmin MCSV GSMmax-min
Mean 95% CI Mean 95% CI Mean 95% CI
Hemispheric symptoms 34 24.8-43.0 7 4.2-9.8 34.5 27.2-41.9
No symptoms 43 32.6-53.2 18.3 12.2-24.5 16 11.0-20.8
P (t test) 0.1 0.002 0.0001
SLV, Single longitudinal view; GSM, gray scale median; MCSV, multiple cross-sectional views.
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tus.43,44 If SLV GSM does reflect plaque composition, our
findings are in agreement with quantitative histomorpho-
logic findings. In this context, the American Heart Associ-
ation Medical/Scientific Statement45 highlighted that
large atherosclerotic lesions almost always vary in histologic
appearance in different areas of the plaque and should be
designated as a lesion type according to their clinicopatho-
logically most significant region. The results of MCSV
characterization support this concept.
Further, while the role of biomechanical forces in pro-
moting fatigue in collagen caps is complicated and incom-
pletely understood,46 the relationship between plaque
composition and location of peak stress has been clari-
fied.47,48 Thus it is reasonable to hypothesize that more
heterogeneous plaque with adjacent soft and hard areas
may be more vulnerable to rupture than homogeneous
plaque. This would explain the marked heterogeneity
shown by MCSV in recently symptomatic plaque.
A cross-sectional study such as this cannot conclude
whether plaque echo-characteristics are mechanistically
linked to development of cerebral events or whether they
are only a marker of high risk. Nevertheless, our findings
support the conclusion that plaque having greater echolu-
cency and echo-heterogeneity as assessed with MCSV con-
fers higher risk for stroke.
This is the first in vivo study to assess plaque structure
with MCSV, and it confirms the value of this technique
over SLV. However, the value of cross-sectional imaging
for measuring degree of ICA stenosis, rather than Doppler
velocity, has been highlighted before.49 In addition, oper-
ator-dependent variation in acquisition of SLV is much
more likely, given the multitude of planes that an irregular
stenosis could occupy. At best, SLV provides limited and
selective morphologic data, whereas MCSV has potential to
provide echo data for the entire plaque. Nonetheless, the
need to handle a large number of images is time-consum-
ing. Development of computer software that can rapidly
acquire and analyze these images would enhance this new
technique. Finally, a prospective study of asymptomatic
stenosis is needed to confirm the clinical importance of
these findings.
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